SUMMARY Chondromalacia patellae is difficult to diagnose clinically with accuracy. In order to clarify the relevant symptoms and signs, 78 patients presenting with a clinical diagnosis of chondromalacia were examined by arthroscopy. In 49 % of the knees no abnormalities were found. Presenting symptoms were similar in the normal and abnormal groups. Physical signs were more helpful in diagnosis and it is considered that the presence of an effusion, quadriceps wasting, and patello-femoral crepitus are the most important clinical findings in the diagnosis of chondromalacia patellae. The arthroscope is a valuable instrument in establishing the diagnosis of chondromalacia patellae especially in the teenage female.
Chondromalacia patellae, or softening of the articular cartilage of the patella, manifested by pain in the patello-femoral joint, is a common disorder affecting adolescents and young adults. Budinger (1906) first described fissures occuring in the articular cartilage of the patella and the term 'chondromalacia patellae' was introduced by Konig (1924) and Aleman (1927) .
The true incidence of this disease is unclear. Anderson (1944) reported an incidence of 20 % in 50 arthrotomies, Soto-Hall (1945) 18*5 % in 65 arthrotomies, and Cave et al. (1945) 7% in 124 arthrotomies. Wiles et al. (1956) stated that it is present in 50% of the population by the age of 30. However, the diagnosis of the majority is made on the clinical findings alone. Of the 771 diagnosed at the Nuffield Orthopaedic Centre between 1968 and 1972 only 229 came to arthrotomy for persistent and severe symptoms and in 8 of these there was no abnormality demonstrated at operation. The incidence of cartilage softening or fibrillation in the remaining 542 is therefore unknown. The diagnosis is difficult to make clinically and several authors observed that chondromalacia patellae may produce varied symptoms and signs which confuse the clinician and lead to a wrong diagnosis with sometimes incorrect treatment, or that it is diagnosed by a process of elimination (Devas, 1960; Smillie, 1974) .
The 'look and see' arthrotomy is not advocated because of the slight but definite risk of infection in a normal joint and deep venous thrombosis, and a period of 6 weeks or more required for recovery of muscle tone and function after operation.
The arthroscope provides an easy method of examining the interior of the knee joint. It provides a good view of the patello-femoral joint (Casscells, 1971) and is associated with a very low morbidity (Jackson and Abe, 1972) . The role of the arthroscope in the diagnosis of knee joint problems has been reported many times (Burman et al., 1934; Watanabe and Takeda, 1960; Henry, 1972; Jackson and Abe, 1972; Gallannaugh, 1973; Dashefsky, 1974; Dandy and Jackson, 1975) and it is interesting to note that the diagnosis of chondromalacia patellae was made only 39 times in the 700 cases reported in these series, an incidence of 5 -5 % Clinical diagnostic criteria for chondromalacia patellae have been stated by Wiles et al. (1956) , Devas (1960) , and Robinson and Darracott (1970) . These criteria should assist the clinician to make a positive diagnosis of chondromalacia and to differentiate it from other conditions occurring in the knee, such as a torn medial meniscus. However, most surgeons have found a poor correlation between the severity of the disease present at arthrotomy and the type and severity of the symptoms and physical signs. In fact the articular cartilage may look and feel normal at operation even after a positive clinical diagnosis has been made.
In order to investigate this difficulty, a prospective trial was set up to examine by arthroscopy all knees in which a clinical diagnosis of chondromalacia was made and to correlate the changes found on the undersurface of the patella with the symptoms, signs and clinical diagnosis.
Patients
Out-patients who were seen in the professorial unit of the Nuffield Orthopaedic Centre and in whom a clinical diagnosis of chondromalacia patellae was made were entered into the trial. Diagnosis was made in 78 patients affecting 78 knees in the period April 1973-April 1976. Eighty per cent were referred to the clinic by general practitioners, 17% from other orthopaedic surgeons and 3 % from the accident service. All patients had experienced symptoms for at least 3 months.
Arthroscopy was performed in all these patients.
The age range was from 10 years to 40 years with a mean of 21.9 years. There were 52 females and 26 males (ratio 2:1). The right knee was involved in 48 and left in 30 (1*6:1).
CRITERIA FOR DIAGNOSIS
Clinical diagnosis in this study was based on the symptoms and physical findings as described by Wiles et al. (1956) and Robinson and Darracott (1970) . The symptoms are described as a retro-patellar pain or deep-seated ache, worse when the knee is extended against resistance and aggravated by climbing stairs, sitting with knees flexed for any length of time, and rising from a sitting position. A sense of insecurity may be felt on weight bearing and a momentary catch may be experienced, but locking is not a feature. At least 2 of the following 4 physical signs were necessary for a positive diagnosis. (1) Pain when the patella is compressed firmly against the femoral condyles with the knee in full extension. (2) Tenderness of the postero-medial edge ofthe patella when the patella is pushed medially away from the femoral condyles. (3) Pain when the knee is extended against resistance. (4) Pain when the patient, with extended knee, statically contracts his quadriceps against resistance of the examiner's finger and thumb placed against the upper border of the patella.
The duration of symptoms, history of trauma, site of pain, factors aggravating the pain, swelling, 'giving way', and 'locking' were recorded. The physical signs recorded were tenderness at other sites, effusion, quadriceps wasting measured 5 cm above the superior border of the patella, palpable retropatellar crepitus, and the flexion-extension range of motion of the knee.
Antero-posterior and lateral radiographs were taken, as well as tangential views of both patellae with the knee in 300 and 600 of flexion in order to exclude any evidence of lateral subluxation (Ficat, 1973) .
ARTHROSCOPY
The patients were admitted on the day before arthroscopy. General anaesthetic was used to give full relaxation of the knee and a pneumatic tourniquet applied on the side concerned. The procedures were performed by normal sterile technique in a conventional operating theatre. The Storz arthroscope was used and the examination was carried out through a lateral stab incision 1 cm lateral to the patellar tendon and 1 cm above the lateral joint line. This was low enough to obtain a good view over the undersurface of the patella. The medial aspect of the patella was examined by tilting the bone externally during the viewing procedure. The joint was filled with saline via the arthroscope before viewing and all areas of the joint including the femoral condyle, menisci and cruciate ligaments were examined to exclude any other cause for the symptoms. Any abnormal areas of the patella were photographed. A relationship between the arthroscopic appearances and the extent of patellar cartilage damage at arthrotomy had been established and this made grading of the changes possible.
Chondromalacia was graded according to a modification (Bentley, 1970) of the classification of Outerbridge (1961) , where grade I is a localised softening, swelling, or fibrillation of the articular cartilage in an area of 0.5 cms or less (Fig. 1) . Fig. 1 Knee trauma (Table 3) Ten (26 Y.) of the patients with normal appearances had attributed their symptoms to trauma, 7 being direct and 3 indirect, such as twisting injury. Fifteen (37 %.) of those patients with chondromalacia patellae also gave a history of trauma. In 8 of these it was direct and in 7 indirect. These differences are not significant.
Sex (Tables 4 and 5 ) There were twice as many females as males, however the proportion of normal findings and the distribution of the various grades of chondromalacia were The females with normal findings at arthroscopy had a mean age of 17.7 years, and those with a definite diagnosis of chondromalacia had a mean age of 24 7 years. This difference is significant (difference between means is 4 times the standard error of the mean). In males there was no significant difference and the mean age for normal findings was higher than in the females.
In females the severity of the disease increased with age, in that the mean age for females with grade I was 20*4 years, with grade IT 24 3 years, with grade m 27.7 years. The progression did not occur in males (Table 6 , Fig. 4) .
If the patients are grouped according to age into those under 20, 20 to 29, and 30 to 40 years then it is seen that the females under 20 have a high incidence of normal findings (Table 7 and Fig. 5 ) whereas those over 30 have a low incidence. However in males there is little variation between the age groups (Table 8 and Fig. 5 ). Fig. 4 The average age increases as the severity of the disease increases in females. However, in males the average age remains about constant. The relationship between the severity of chondromalacia and these significant physical signs is shown in Table 11 . It is clear that those with grade Ill chondromalacia had more overt signs and in this series it did not exist without two or more of these physical findings, in addition to the clinical criteria of Robinson and Darracott (1970) . The incidence of positive physical findings increased as the severity of chondromalacia increased.
A small proportion of patients had medial joint tenderness which was considered to be due to inflammation of the synovial membrane at the margins of the menisci. In 2 of these a lesion of the medial meniscus was found but both of these also had chondromalacia.
Radiological appearances in chondromalacia patellae
No signs diagnostic of chondromalacia were found on the anteroposterior or lateral radiographs of the knee. Subluxation was assessed according to the method of Ficat (1973) by comparing the tangential views of the patella taken with the knee flexed at 300 and 600. Lateral subluxation was uncommon and found in only 2 of the normal knees and 6 of those with chondromalacia.
Complication of arthroscopy
No complications were experienced.
FOLLOW UP
The follow up period ranged from 9 months to 2 years, and consisted of that performed at the routine review at the outpatient clinic and also a postal questionnaire asking whether the retropatellar pain was better, the same or worse than at the time of the arthroscopy. Fifty-six (72 %) replies to the questionnaire were received from the 78 patients. Sixty-three per cent of those who had had normal findings replied and 80% of those who had a definite diagnosis of chrondromalacia replied.
Of the 24 who replied who had normal findings 58% said they were better, 34% the same, and 8% were worse. Of the 32 who replied who had chondromalacia 66% said they were better, 16% the same and 18 % worse. However, the results of those who had chondromalacia were coloured by the fact that 18 of the 32 patients had operations on the knee. Of the 18 who had an operation 13 were better, 1 the same, and 4 were worse.
Discussion
The arthroscopic examination of all patients with a clinical diagnosis of chondromalacia patellae has enabled us to determine which clinical symptoms and signs are the most important indicators of patellar cartilage damage. The clinical diagnosis was made on the criteria set out by various authors (Wiles et al., 1956; Robinson and Darracott, 1970) . In each case the diagnosis was made positively and not by a process of elimination, which probably explains the low incidence of other findings such as a torn medial meniscus with which chondromalacia is often confused but which can be diagnosed accurately by arthroscopy (Cave et al., 1945; Wiles et al., 1956) . A torn medial meniscus was found additionally in only 2 patients with chondromalacia patellae.
CLINICAL DIAGNOSIS OF CHONDROMALACIA PATELLAE

Symptoms
The principal symptom of chondromalacia patellae is described as being of an aching character located in the retropatellar area, made worse by activity which loads specifically the patello-femoral joint, such as squatting and kneeling or sitting with knees flexed. Swelling of the joint, 'giving-way', and 'locking' are less common symptoms. There was no variation between the two groups in the pattern of retropatellar pain, its site, or its aggravating factors. The reason for pain in chondromalacia patellae is unknown and it is interesting that the character of pain in both groups of patients appeared to be the same. Articular cartilage has no nerve endings and it has been suggested that the pain felt in the patella in this condition is due to alteration of blood supply of the patella associated with osteoporosis of the subchondral bone (Darracott and Vernon-Roberts, 1971 ). It was a notable feature in this survey that no abnormality of the patella was demonstrated on the anteroposterior, lateral, or tangential radiographs. We suggest that the pain is due to stimulation of nerve endings in subchondral bone by cathepsins released by damaged chondrocytes from the deep layers of the abnormal cartilage. Devas (1960) described the pain as being characteristically worse, not with exercise, but with rest, particularly after sitting still for any length of time. However, pain was aggravated by positions and movements of the knee which threw extra load on the patello-femoral joint. Thus pain was present with activity in 87% of our patients with chondromalacia patellae, on climbing stairs in 42 %, when sitting in a position with knees flexed for any length of time in 21 %, with squatting in 9-7 % and at rest in bed in only 2 %. Interestingly the pain in the knees with no demonstrable abnormalities, was aggravated by the same factors and to an equal extent.
The cause of the pain in those patients in whom no abnormality was found is unknown.
Swelling of the joint and a sensation of locking occurred more commonly in patients with chondromalacia but 'giving way' occurred equally in both groups.
Our findings show that it is difficult if not impossible to separate, on the basis of the clinical history and symptoms, those patients with chondromalacia patellae from those with normal patellar cartilage.
Physical signs Wiles et al. (1956) stated that a positive diagnosis of chondromalacia can be made by the physical signs, and with this we agree. However, they considered that the presence of pain on rubbing the patella on the underlying femoral condyles, together with tenderness behind the patella was diagnostic. Moreover, they stated that the presence of an effusion was of little diagnostic value and that patello-femoral crepitus was misleading. The present findings are different. Retropatellar tenderness was used as a criterion for diagnosis and 49 % of the patients with this finding had normal knees. Much more important was the presence of an effusion which was never present in the normal knees. This difference is highly significant (P<0.01). Breakdown of the matrix of articular cartilage and release of small fragments into the joint produces direct inflammation of the synovial membrane (Chrisman et al., 1965) and hence the effusion, which is a most important diagnostic point. Retropatellar crepitus, due to increased friction in the patello-femoral joint caused by the fibrillated articular cartilage of the patella, occurred 2i times more commonly in chondromalacia than in normals and this difference is significant also (P < 0 *02). Quadriceps wasting occurring in response to an inflammed synovial membrane was present 2j times more commonly in those with chondromalacia patallae than in those with normal knees. This difference is significant (P < 0.05). We consider that these three physical findings of effusion, quadriceps wasting, and retropatellar crepitus are most important in the diagnosis of chondromalacia patellae.
It is difficult to diagnose the severity of the disease by the history and physical findings but it is apparent from this study that chondromalacia was not present without at least one of the above physical findings, in addition to the generally accepted criteria of Robinson and Darracott (1970) .
Influence of sex and age on diagnosis Thirty (40 %) of the patients were females under the age of 20 and of these only 37 % had any abnormality demonstrable. By contrast, in 22 females over 20, chondromalacia was present in 91 %. There were fewer mis-diagnoses in the teenage male, with 54 % of the 11 under the age of 20 and 53 % of the 15 over 20 having demonstrable abnormalities in the knee. These findings confirm the well-known difficulty of diagnosis in the teenage female and arthroscopy is of great value in identifying those with no abnormality in the knee so that treatment and sometimes morbidity is not prolonged on the basis of an erroneous diagnosis and operation.
Trauma as a cause of chondromalacia patellae The role of trauma in the aetiology of chondromalacia patellae has not been resolved. There is no doubt that stellate fractures of articular cartilage can occur due to direct trauma as first demonstrated by John Hunter but the role of indirect twisting injuries producing shearing stresses on the articular cartilage and subsequent chondromalacia is not fully established. It is interesting that in this study only 37 % reported a history of trauma to the knee and yet 26% of the normals described a traumatic onset.
Follow-up progress The follow up of these patients gave reassurance that those diagnosed as normal did not get worse (except for 1 female aged 14 and 1 male aged 22, neither of whom had sought further treatment.) There is always the doubt raised that an abnormality was missed by the arthroscope and this is quite real in inexperienced hands. However, one of us (G.B.) had performed over 100 arthroscopies before the commencement of this trial and both of us were present at all these examinations. The follow-up of those who had a diagnosis of chondromalacia is the subject of another paper.
It would seem that those who had normal findings have not progressed in that their symptoms have not become worse. However, this can only be substantiated by re-arthroscopy of all the normal patients, and this has not been done and it would only be justified if their symptoms had become worse.
Cause ofpain in 'normal' knees The reason for retropatellar pain in knees which appear normal at arthroscopy as yet is unexplained. It is unlikely that those patients who had retropatellar pain with normal findings at arthroscopy were just in the early stage of the disease and would later develop macroscopic evidence of chondromalacia, since the average duration of symptoms was 27 months ranging from 10 years to 3 months and one would have expected that those with such a long history would have developed changes especially when the average duration of symptoms of those with grade III chondromalacia was only 20 months.
Conclusions
Despite the fact that Wiles et al. (1956) stated that a positive clinical diagnosis of chondromalacia is nearly always correct, this study confirms that chondromalacia patellae is difficult to diagnose clinically. Symptoms are unreliable in diagnosis but the physical findings of joint effusion, quadriceps wasting, and retropatellar crepitus are the most valuable. It has been shown that positive diagnosis can be wrong in 49 % of cases when the diagnosis is based on the previously described criteria. The diagnosis should be made with caution in the teenage female. No evidence was found in this survey to support the concept that chondromalacia is due to trauma. Arthroscopy increases the accuracy of diagnosis and is considered to be of definite value especially in excluding chondromalacia patellae in patients with persistent retropatellar pain.
of chondromalacia patellae. 
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